Introduction: Hypertension is the leading direct cause of death in the world and one of the most important risk factors for cardiovascular disease (CVD). Elevated blood pressure (BP) often coexists with lipid disorders and is an additional factor that increases CV risk. Nowadays, we are able to distinguish low density lipoproteins (LDL) and high density lipoproteins (HDL) subfractions. Except LDL also HDL small subfractions can increase the risk of CV events. Therefore, we aimed to investigate the associations between changes of lipoprotein subfractions and the risk of hypertension development. Material and methods: In 2-year long study 200 volunteers with normal blood pressure at the age of 19-32 years were included. Each volunteer underwent detailed medical examination, 12-lead electrocardiogram was taken at rest, echocardiogram, lipid subfraction assessment (using Lipoprint ® ) and two 24-hour BP measurements. Results: Mean total cholesterol concentration was 189 mg/dl (4.89 mmol/l), with mean LDL concentration of 107 mg/dl (2.77 mmol/l), HDL of 63 mg/dl (1.63 mmo/l), very low-density lipoprotein (VLDL) of 40 mg/dl (1.04 mmol/l) and triglycerides (TG) of 89 mg/dl (1.00 mmol/l). Subfractions LDL 1-3 were most abundant, LDL 4-5 making up a marginal portion and LDL 6-7 were not observed. Whereas, subfractions HDL 4-6 were most abundant, in lower concentration was present HDL 1-3 and HDL 8-10. We showed that increased systolic blood pressure coreclated significantly with HDL cholesterol concentrations (p = 0.0078), HDL intermediate subgractions (p = 0.0451), with HDL-3 subfraction (p = 0.0229), and intermediate density lipoprotein-A (IDL-A) (p = 0.038). A significant correlation between increased diastolic blood pressure and HDL lipoprotein levels (p = 0.0454) was only observed. Conclusions: Obtained results indicating correlation between total HDL levels and HDL-3 subfraction concentration (for systolic BP) and the tendency to develop hypertension.
Introduction
Arterial hypertension is a major risk factor for cardiovascular disease (CVD) and is thus one of the most important causes of death worldwide, and the third most important cause of disability [1] . Since elevated blood pressure (BP) often coexists with dyslipidaemia (irrespective of sex and age, as confirmed by the NATPOL 2011 registry) [2] and constitutes an additional CV risk factor, the combined use of antihypertensive and lipid-lowering agents is often appropriate.
Current studies indicate that the lipid profiles routinely reported by hospital laboratories may not differ substantially between patients with CVD and healthy subjects. Recent findings suggest that the evaluation of subfractions/subpopulations of the individual lipoproteins is likely to be of much greater relevance [1] [2] [3] . Low density lipoprotein (LDL) and high density lipoprotein (HDL) particles are known to be heterogeneous, with the subfractions defined based on particle size and density. Based on the gel electrophoresis LDL particles have been classified into seven subfractions (LDL 1 -7) . At least ten subfractions of HDL exist (HDL 1-10; though the most recent methods allow for the differentiation of as many as 26 subfractions). Anti-atherosclerotic effects of HDL appear to be mediated by two subfractions: HDL 2 and 3 (the so-called large particle HDL subpopulation) [3] . Heterogeneity of LDL and HDL particles is also associated with their various bioactivity levels. Subfractions LDL 1 and 2 (large LDL particles) have been associated with only a moderate risk of CVD, whereas small dense LDL (sdLDL) subfractions (LDL 3-7) increase the risk up to 4-fold [4] [5] [6] . The subfraction of larger HDL particles (HDL 2) might be responsible for the clinically beneficial effects that have been generally associated with HDL cholesterol [3] . On the other hand, the HDL 3 subfraction, and mostly other subpopulations of smaller HDL particles (intermediate and small HDL) may even have an undesirable atherogenic effect without inhibiting inflammation -however there are still many opposite results on this issue [3] . The described biological differences are likely to be the result of the fact that sdLDLs (subpopulations 3-7) easily penetrate vascular walls, undergo oxidation, and have a lower affinity for the LDL receptor; conversely, small dense HDL particles contain scarcely any apolipoproteins (Apo) AI and AII, are less effective in the reverse cholesterol transport from peripheral tissues to the liver and may be catabolised more rapidly and lose their endothelium-protective properties [3] .
Several processes may be involved in structural and functional changes in LDL and HDL. Inflammation and oxidative stress, which often accompany an atherosclerotic CVD, seem to be particularly important [3] . A shift in balance in favour of one LDL or HDL atherogenic subfraction can play a role in developing obesity, metabolic syndrome, insulin resistance, and consequently -diabetes mellitus [7] [8] [9] [10] as well as in developing hypertension. If dyslipidaemia is causally associated with the development of hypertension, evaluation of the lipid profile in normotensive patients would allow early targeted pharmacological intervention in susceptible patients. This approach could extend the time period before hypertension develops, or avoid hypertension (and its associated complications) altogether. This approach would be likely to result in substantial gains in public health, since hypertension is one of the greatest epidemiological challenges in Poland, Europe and around the world. Based on the data from NATPOL 2011 and POLSENIOR 2011 registries, there are nearly 11 million people affected by hypertension in Poland, and in the elderly population, this percentage can be as high as 75%. Moreover, hypertension is still undiagnosed in 30% affected patients and ineffectively treated in 36% of cases [2] .
A study published in 2011 evaluated the risk of developing hypertension in 17,527 healthy women during an 8-year follow-up. In contrast to previously published research, no association was observed between baseline LDL cholesterol concentrations and the risk of developing hypertension. However, elevated sdLDL levels significantly increased this risk [11] . Similarly, risk was associated with variations in specific HDL subfractions: the risk was increased in women with a dominant HDL 3 subfraction and decreased in the group of women with dominant HDL 2 particles. Additionally, a higher risk of developing hypertension was associated with elevated levels of very low density lipoproteins (VLDL) rich in triglycerides [11] .
Another study enrolled patients with hypertension -both women (41 patients) and men (66 patients) -into the study group and 150 healthy volunteers without hypertension, CVD or metabolic disorders into the control group. Both populations were assessed for the proportion of patients with an atherogenic lipid profile (predominant presence of lipoproteins: VLDL, IDL1 and IDL2 and sdLDL forming subfractions 3-7) with the use of Lipoprint. An atherogenic lipid profile was demonstrated in 93% of patients with associated hypertriglyceridemia, in 86% of patients with mixed hyperlipidaemia, in 52% of patients with hypercholesterolemia, but also in as many as 64% of patients with normolipidaemia. Atherogenic lipid profile was observed in only 7% of healthy volunteers without dyslipidaemia or hypertension, suggesting that disturbances in the propor-tion of individual lipid fractions are much more common in patients with hypertension than in the normotensive group. On the other hand, an atherogenic lipid profile significantly increases the risk of new-onset hypertension in healthy individuals. The limitations of the study included the relatively small study groups and a short follow-up period [12] .
Antihypertensive drugs have interesting effects on concentrations of individual lipoprotein subfractions. In the 1990s, combined treatment with the angiotensin-converting enzyme (ACE) inhibitor captopril and the diuretic hydrochlorothiazide was shown to lead to BP lowering in patients with mild to moderate hypertension, with a simultaneous increase in HDL (due mainly to the increased HDL 3 subfraction) levels during a 16-week follow-up period. This treatment had no effect on concentrations of LDL-C; however, a transient triglyceride (TG) elevation was observed in week 8 [13] . Another study evaluated the effect of doxazosin added to the combined antihypertensive treatment with an ACE inhibitor and a calcium channel blocker in patients with hypertension and type 2 diabetes mellitus. The addition of an α1-blocker was shown not to be associated with a change in LDL levels, but affected the balance of LDL subfractions, with a shift towards the less atherogenic, large LDL particles (1-2) [14] .
Another study in treatment-naive patients with grade 2 to 3 hypertension compared the effect of combination therapy with valsartan and amlodipine versus valsartan and hydrochlorothiazide on changes in lipid profiles during a 16-week follow-up period. The groups achieved a comparable reduction in BP; however, the valsartan/hydrochlorothiazide regimen was associated with an increase in small dense LDL particles, which was not observed in patients receiving a combined treatment with a sartan and a calcium channel blocker. This may suggest a higher risk of cardiovascular sequelae in the first group of patients despite the achieved reduction in BP [15] .
By contrast, an evaluation of HDL subfractions in the group of patients diagnosed with hypertension and coronary artery disease revealed a significant decrease in large HDL particle levels and an increase in small HDL particle levels. Medium HDL particle levels were similar in both study groups. At the same time, the group with hypertension and coronary artery disease showed a shift in the LDL subpopulations in favour of small LDL particles. All differences were statistically significant [16] .
The aim of the study was to assess the lipid profile and lipid subfractions in normotensive patients in order to evaluate the relationships between lipid disorders and developing hypertension in young healthy individuals.
Material and methods
The study initially enrolled 200 healthy individuals (mainly university students) aged 19-32 years with normal BP. The follow-up time was 2 years. In this period, every patient underwent an interview and physical examination, 12-lead electrocardiogram taken at rest, echocardiogram, two 24-hour BP measurements (at least 1 year apart) made with a Holcard CR-07 recorder and lipid subfraction assessment with the use of Lipoprint ® (Quantimetrix, Redondo Beach, CA, USA).
Lipoprint uses high resolution polyacrilamide gel electrophoresis and separate each LDL and HDL subfraction on the basis of size. Then, by using a special computer software, the amount of cholesterol in each subfraction can be calculated. Lipoprint separates and measures Very Low Density Lipoprotein (VLDL), VLDL remnants, Intermediate Density Lipoprotein (IDL), LDL 1-7 subfactions, and HDL in serum or plasma. Lipoprint measures cholesterol and area percent for each fraction and subfraction as well as mean LDL particle size. Lipoprint also separates and measures cholesterol in 10 HDL subfractions consisting of large HDL subfractions 1-3, intermediate subfractions 4-7, and small subfractions 8-10.
Out of the 200 enrolled individuals, finally 100 completed the study and were included in a statistical analysis aimed at assessing correlations between lipoprotein subfractions and developing hypertension or a tendency to develop this condition ( Figure 1 ).
The inclusion criteria were: (1) young and healthy adults; (2) office BP < 140/90 mm Hg at baseline using the auscultatory method in two separated measurements. The exclusion criteria included: (1) current or past treatment with any antihypertensive or lipid-lowering drugs; (2) triglyceride levels of > 500 mg/dl (5.65 mmol/l); (3) coexisting (at screening) secondary causes of hypercholesterolemia: hypothyroidism, National Kidney Foundation (NKF) stage 2-5 chronic kidney disease or nephrotic syndrome, cholestatic liver disease, the use of glucocorticosteroids or protease inhibitors in HIV-positive patients; (4) subject's inability to comply with study requirements and/ or provide his/her informed consent for study participation. Paradoxically, the last exclusion criterion in the group of young individuals resulted in losing almost half of the initially enrolled patients.
Ethics
The study was approved by the Bioethics Committee of the Medical University of Lodz (number of approval RNN/393/13/KB of 21 May 2013). Each person enrolled in the study obtained detailed information on the study design and was asked to sign an informed consent form.
Statistical analysis
Nominal data are presented as numbers and/or percentages. Continuous variables are presented as means ± standard deviations (SD). The analysis of risk factors for ambulatory BP monitoring (ABPMs) increase was carried out by the means of univariate logistic regression analysis, obtaining a set of assessments of regression parameters together with an assessment of their significance and the odds ratio (OR) calculated on their basis. The impact of investigated lipoprotein subfractions on ORs of the increase systolic (SBP) or diastolic BP (DBP) between the first and second visit was assessed. P < 0.05 was considered as significant. All analyzes were performed using the Statistica 12.0 package (StatSoft, Poland).
Results
The main information on the study characterists has been included in Table I. Mean total cholesterol (TC) concentration was 189 mg/dl (4.89 mmol/l), with mean LDL concentration of 107 mg/dl (2.77 mmol/l), HDL of 63 mg/dl (1.63 mmol/l), VLDL of 40 mg/dl (1.04 mmol/l) and TG of 89 mg/dl (1.00 mmol/l) (Table II) .
Among the LDL cholesterol particles, the large subfractions (LDL 1-3) were most abundant, with LDL subfractions 4-5 making up a marginal portion and the smallest LDL particles (subfractions 6-7) not observed at all (Table III) .
With respect to the distribution of HDL subfractions, intermediate lipoproteins (HDL 4-6) were most abundant, with a mean concentration of 29 mg/dl (0.75 mmol/l), followed by large HDL (HDL subfractions 1-3), with a mean concentration of 22 mg/dl (0.56 mmol/l). The smallest portion of HDL cholesterol was represented by small lipoproteins (HDL subfractions 8-10), with a mean concentration of 12 mg/dl (0.31 mmol/l) (Table IV) .
Night-time and daytime mean SBP and DBP during the first measurement was 112/70 mm Hg: (Tables V and VI) . Using a univariate logistic regression model, the risk of increased SBP between the first and second measurements, in relation to lipoprotein subfractions correlated significantly with HDL concentrations (and HDL intermediate subfractions) as well as also with IDL concentrations and -in relation to their subfractions -with HDL 3 and IDL-A (Table VII) .
Increased diastolic BP (DBP) also correlated with HDL lipoprotein levels. However, none of the subfractions, including the significantly increased IDL-A, demonstrated statistical significance (Table VIII) .
Discussion
Changes in the lipid profile in patients with hypertension have been described for years, what is more these conditions -hypertension and lipid disorders -udually coexist in most ofour patients. Most reports have indicated that hypertensive patients have decreased LDL cholesterol, triglyceride and VLDL cholesterol concentrations and -to a lower extent -total cholesterol concentrations [17] [18] [19] .
Our results, which indicate a positive correlation between the total HDL and HDL-3 concentrations a tendency to develop hypertension, seem surprising (despite relatively small effect size)suffice it to mention the definition of metabolic And the observed increase of HDL-C should not be considered as a potentially protective effect in those patients [21] [22] [23] [24] [25] .
The HDL particle is perhaps the most mysterious of all lipoproteins. The results of Framingham Heart Study (FHS) demonstrated an inverse relationship between HDL concentrations and cardiovascular events, thus attaching the long-lasting opinion of "good cholesterol", with Dr Jekyll's gentle face, to HDL-C. However, recent studies describing a complex, often detrimental role of this lipoprotein in the body, revealed its other facethat of Mr Hyde's [26, 27] .
However, pharmacological approaches to increasing the concentration of HDL to reduce the risk of cardiovascular events have been called into question based on a series of further studies [21] [22] [23] [24] [25] 28] . As a result, the 2016 ESC/EAS (European Society of Cardiology/European Society of Hypertension) guidelines do not directly recommend using HDL-C concentrations as a thera- peutic target -it is a class III recommendation [29] [30] [31] [32] . The HDL particle, composed like other lipoproteins of lipids and proteins called apolipoproteins, plays complex roles in the body which are not fully understood. Although it is known that the main apolipoprotein A1 (apoA1) is involved in reverse cholesterol transport and has antioxidative properties, the function of more than 100 other proteins that can be found in the HDL structure remains unclear. Recent research has focussed on so-called dysfunctional HDL, i.e. particles devoid of their beneficial effects. Dysfunctional lipoproteins appear during systemic inflammation, glycation or oxidative stress, i.e. in a situation when free radicals dominate over antioxidants [33] [34] [35] [36] [37] , and their dysfunction results from activation of myeloperoxidase during inflammation, an enzyme capable of inhibiting oxidative enzymes, such as glutathione peroxidase or paraoxonase-1 (PON-1) whose functions include inhibition of lipid oxidation. It is also caused by a decrease in the amount of apoA1 and modification of its function, making it unable to activate the ABCA1 transporter (ATPbinding cassette transporter) responsible for direct cholesterol transfer in reverse transport from macrophages to HDL particles [38] [39] [40] [41] [42] [43] .
Recently published results suggests that oxidative stress might play a major role in the pathogenesis of hypertension [44, 45] . It has been observed that in patients with newly diagnosed or untreated hypertension, the function of the most important cellular free radical scavenging enzymes (superoxide dismutase and glutathione peroxidase) is impaired [46] [47] [48] . Intracellular enzyme dysfunction combined with an extracellular deficiency in free radical scavengers such as vitamins C and E, leads to increased cncentrations of reactive oxygen species (ROS), leading to the stimulation of signalling cascades, activation of NADPH oxidase (nicotinamide adenine dinucleotide phosphate oxidase), production of even more ROS, such as hydrogen peroxide and superoxide anion which produces peroxynitrite as a result of reaction with nitric oxide, at the same time reducing the available amount of the vasorelaxant nitric oxide. This results in impaired vessel relaxation and a shift in balance towards vasoconstriction. ROS -modulating the function of many secondary transmitters -are used by angiotensin II in the process of binding to receptor AT1. All these elements may lead to the development of hypertension [49] [50] [51] . Oxidative stress described above could explain, to an extent, the results of our study -if the development of hypertension is associated with an excess in ROS, which in turn are associated with the creation of dysfunctional HDL devoid of the antioxidative properties of PON-1, then their increased concentrations in people (especiall those considered as pro-atherogenic -large HDL subfraction) with a tendency to hypertension is a symptom indicating that the body attempts to sustain balance by producing normal particles, especially of the large or intermediate subfractions. On the other hand, it is worth emphasizing that there are also some opposite results, suggesting that large HDL might not have pro-atherogenic properties, and can be atheroprotective [52, 53] .
Our results are consistent with those of two studies, both conducted by Japanese researchers, which demonstrated a positive correlation between HDL concentrations and hypertension. Oda and Kawai conducted a study in healthy individuals with no history of cardiovascular diseases (and thus without hypertension): 1803 men aged 49.9 ±9.0 years and 1150 women aged 49.5 ±9.0 years were enrolled. A positive relationship was observed between higher HDL values and decreased BP values -an increase in HDL of 1 mg/dl (0.026 mmol/l) was associated with an increase in BP of 1.03 (1.02-1.04; p < 0.001) in men and 1.03 (1.01-1.05; p = 0.002) in women. This was the first observation of such a correlation in the world. Like our study, these investigators excluded potential participants taking lipid-lowering or antihypertensive pharmacotherapy -thereby removing the possibility that the results were affected by lipidlowering drugs. The authors suggested that their observed relationship may be a result of dysfunctional HDL particles, however they were not be able to measure HDL subfractions [54] .
In 2017, a paper by another group of Japanese investigators was published [55] . The authors, aware of the previous study, decided to extend the research. Not only did they demonstrate a relationship between increased HDL concentrations and hypertension, but they also associated it with multipotent CD34 cells. A total of 477 men aged 60-69 years were enrolled in the cross-sectional study. It was demonstrated that HDL concentrations were statistically significantly associated with hypertension, but only in persons with a high count of circulating CD34 cells. A low number of these cells made the relationship between HDL and hypertension statistically non-significant. This means that with minor damage to the endothelium caused by HDL, the need for endothelial repair is low, which results in low concentrations of circulating CD34-positive cells and, and the same time, HDL stimulates the production of NO in epithelial cells and epithelial repair mechanisms. However, in individuals with major endothelial damage, the function of HDL, even in increased concentrations, is insufficient. As a result, the repair of the damaged endothelium causes increased the production of CD34 cells [56, 57] . These results in fact confirmed that even in healthy individuals, increased blood proeasure might be associated with the endothelium damage and impairment of HDL function.
An interesting extension of the concept of oxidative stress as the cause of hypertension would be the possibility of reversing this condition by using an antioxidant-rich diet, such as the DASH or Mediterranean diet. Based on the above data, it is possible that sugh a diet would also normalise the lipid profile [58] . In February 2019, a paper by Chiavaroli et al. was published -encompassing both meta-analyses and reviews and summarising the effect on the DASH diet on hypertension and dyslipidaemia. As expected, food restrictions recommended in the diet reduced BP values -systolic by 5.2 mm Hg and diastolic by 2.6 mm Hg. However, the effect of the diet on the lipid profile was modest: TC was reduced by 0.2 mmol/l and LDL by 0.1 mmol/l, with HDL and TG concentrations unchanged [59] . A meta-analysis by Rees et al. assessing the Mediterranean diet demonstrated that, when used in primary prevention, the diet was effective in reducing hypertension compared with lack of intervention (reduction in systolic pressure of -2.99 mm Hg and diastolic of -2.0 mm Hg). However, the effect of the Mediterranean diet on the lipid profile was minimal and manifested mainly in a TC level reduction of -0.16 mmol/l, with virtually no effect on LDL, HDL and TG concentrations [60] .
Similarly modest effects of reduction diets on the lipid profile was described by Stelmach-Mardas and Walkowiak based on an analysis of studies from the years 1958-2016 in obese individuals (BMI > 30 kg/m 2 ) -only TG concentration reduction was achieved in spite of significantly reduced BP (systolic by -4.73 mm Hg and diastolic by -2.75 mm Hg) [61] . Chiu et al. compared in 36 persons the effect of two diets -the typical DASH with a modified DASH, high in fat and low in carbohydrates (HF-DASH), on hypertension and lipid profile. After 3 weeks of follow-up, they observed that the typical DASH, unlike its modified version, reduced IDL and LDL cholesterol concentrations, including concentrations of large LDL particles, as well as HDL cholesterol and apolipoprotein AI. This is indirect evidence that high HDL concentrations are not associated with low BP values and, perhaps, the complete opposite is true -they may be associated with hypertension. On the other hand, the HF-DASH diet also reduced BP, while lipid profile changes included only decreased triglyceride concentrations and increased concentration of large LDL particles, with no effect on HDL-C [62] .
Our study has some obvious limitations. One of the limitations of this study is, first and foremost, its group size, what cause that these results should be treated as preliminary. Secondly, this paper pertains only to a population of young individuals, mostly women. Thirdly, the publication does not include the influence of other factors, such as tobacco smoking or BMI, on the relationship in question, although they seem irrelevant given the low number of overweight individuals or smokers. We cannot obviously exclude the possibility of potential residual confounding.
In conclusion, we showed a possible positive correlation between the total HDL and HDL-3 concentrations a tendency to develop hypertension in young individuals. Taking into account that these results might be treated as preliminary only, they need to be confirmed in larger studies to make sure that BP increase itself might be responsible for the impairment of proatherogenic HDL subfractions, and in the consequence might lead to the endothelium damage and progression of atherosclerosis.
